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* MAXIMUM POWERPOINT TRACKER 

The invention relates to a maximum powerpoint 
tracker provided with memory means for storing 
information about the power produced by an energy source 
at a determined incoming power in this, energy source 
5 depending as desired on the output voltage or the output 
current of this energy source, and with processor means 
for determining from this information the maximum power 
which can be produced by this energy source and. the 
output voltage or output current required for this 

10 purpose. 

Such a maximum powerpoint tracker, generally 
designated with the abbreviation MPP-tracker, is a per 
se known circuit which is applied to maximize the power 
produced by an energy source with varying power. 

15 Examples of such an energy source are photovoltaic 
systems and wind turbines. 

The known MPP-tracker "searches" for the maximum 
power in the power curve of an energy source , and sends 
this information to a control circuit which applies a 

20 voltage over the output of the energy source (or draws 
off a current from the energy source) such that it 
produces a greater output current (or has a higher 
output voltage) as the power increases, and produces a 
smaller output current (or has a lower output voltage) 

25 as the power decreases. The power curve is defined in 
the foregoing as the progression of the power produced 
by the energy source as a function of the output voltage 
or the output current of this energy source. 

In the known MPP-tracker a search algorithm for a 

30 so-called extreme value adjustment is applied in order 
to determine the maximum power which can be drawn off at 
a given incoming' power in the source, for instance 
incident sunlight or intercepted wind energy. In an ■ 
extreme value adjustment the output voltage or the 
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output current of the energy source is changed in 
stepwise manner (increased or decrea se d) , and the p ower 
produced is compared to power produced before the 
change. If the last-measured power is greater than the 
5 previously measured power, the output voltage or the 

output current is changed in stepwise manner in the same 
direction (i.e. increased or decreased). If the last- 
measured power is smaller than the previously measured 
power, the output voltage or the output current is 

10 changed in stepwise manner in opposing direction (i.e. 
decreased or increased) . 

It is a drawback of the known MPP-tracker that when 
the above described search algorithm is applied it 
responds relatively slowly to acute changes in the 

15 incoming power in the energy source. Such acute changes • 
occur for instance in a photovoltaic system when cloud 
suddenly develops or clears away, and can occur in wind 
turbines in the ca3e of local variations in. wind- force. 
A slow response of the stepwise search algorithm results 

20 in a relatively long period in which the energy source 
does not produce its optimal power, and therefore in 
costly energy losses. 

It is an object of the invention to provide an MPP- 
tracker which responds quickly to acute changes in the 

25 incoming power in an energy source for which this MPP- 
tracker is applied. 

This objective is realized with a maximum 
powerpoint tracker of the type specified in the 
preamble, wherein according to the invention the 

30 processor means are adapted to perform an algorithm 
according to which the maximum power which can be 
produced by an energy source and the output voltage or 
output current required* for this purpose at a first 
incoming power in this energy source is determined from 

35 information stored in the memory means about the maximum 
power which can be produced and the output voltage or 
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output current required for this purpose at at least a 
second and a third incoming power in this ene rg y so urce. 

In an embodiment of a maximum powerpoint tracker 
according to the invention, the information stored in 
5 the memory means about the maximum power which can be 
produced and the output voltage or output current 
required for this purpose at at least a second and a 
third incoming power in this energy source is given by a 
coefficient U' of an exponential function 
10 P ^u'e"'^^ which describes the relation between the 

mpp 

maximum power P^^pp which can be produced and the output 
voltage u„pp required for this purpose (expressed in a 
dimensionless unit) - 

The exponential function P„pp-c/'e"^ is based on an 

15 ideal solar cell, i.e. a solar cell which, in a 

simplified model, is represented by a voltage source 
with a resistance-free diode connected in parallel. It 
has been found that an exponential function forms a good 
approximation of the stated relation. 

20 In a practical advantageous embodiment the 

information stored in the memory means about the maximum 
power which can be produced and the output voltage or 
output current required for this purpose at at least a 
second and a third incoming power in this energy source 

25 is given by the coefficients a^ of an n^*" degree 

polvnomial P -H^.'^aM^ which describes the relation 
between the maximum power Pn,pp which can be produced and 
the output voltage u^pp required for this purpose 
(expressed in a dimensionless unit) , wherein n is a 

30 whole number preferably equal to 2. 

In a practical simple embodiment the information 
stored in the memory means about the maximum power which 
can be produced and the output voltage or output current 
required for this purpose at at least a second and a 

35 third incoming power in this energy source comprises the 
parameters for describing a linear interdependence of 
the maximum power which can be produced and the output 
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voltage or output current required for this purpose at 
the incoming power. 

A maximum powerpoint tracker according to the 
invention is preferably adapted to perform at 
5 predetermined time intervals a determination of the 
information about the maximum power which can be 
produced and the output voltage or output current 
required for this purpose at at least a second and a 
third incoming power in this energy source and to store 
10 this information in the memory means. 

In an embodiment of an MPP-tracker according to the 
invention the algorithm comprises an iteration 
procedure . 

In another embodiment the algorithm is followed 
15 after a predetermined instruction by a second algorithm 
for performing an extreme value adjustment, so that the 
maximum power which can be produced and the associated 
output voltage or output current can be determined with 
great accuracy. In a case where the first algorithm 
20 , comprises an iteration procedure, the determined 
instruction comprises for instance of performing a 
predetermined number of iterations. 

The invention will now be elucidated hereinbelow 
with reference to the drawings. 
25 In the drawings 

Fig. 1 is a diagram with three curves I-III which 
show the power P which can be produced by a solar cell 
as a function of the output voltage U, with a first 
curve IV which represents the maximum power P^pp which 
30 can be produced by a solar cell as a function of the 
output vpltage U^pp at that maximum power which can be 
produced. 

Fig. 2 shows a part of fig. 1 in enlarged view. 
Fig. 3 shows a second curve IV' representing the 
35 maximum power P^pp which can be produced by a solar cell 
as a function of the output voltage U„pp at that maximum 
power which can be produced, and 



BNSOOCID: <WO 030125G9A1 I > 



wo 03/012569 



PCT/NL02/00434 



5 

Fig. 4 shows a third curve IV" representing the 
maximum power P^^pp which can be produced by. a_ solar. cell 
as a function of the output voltage U^pp at that maximum 
power which can be produced. 
5 Fig. 1 shows a diagram with three curves I-III 

representing the power P which can be produced by a 
solar cell as a function of the output voltage U at 
different incoming amounts of power, for instance as a 
result of different amounts, of incident sunlight with 

10 varying cloud cover. The points MPPl, MPP2 and MPP3 in 
the respective curves I-III represent the maximum 
amounts of power which can be produced at the respective 
incoming amounts of power, and are connected by curve 
IV. The operation of the MPP-tracker according to the 

15 invention can be understood as follows. The power of a 
determined quantity of light incident in a solar cell 
corresponds for instance to a power which can be 
produced by this solar cell as according to curve I. The 
maximum power PI which can be produced at an output 

20 voltage Ul is represented by the point MPPl on curve I. 
In the case of a sudden fall in the quantity of incident 
sunlight, the power which can be produced corresponds to 
another curve, in the example curve II. At the original 
output voltage Ul a power P2 would be produced which is 

25 lower than .the . maximum power .which can . be_ produced in . . _ 
the conditions. According to the invention the MPP- 
tracker "searches" on the curve IV for the output 
voltage U2 corresponding to the power P2, then on curve 
II for the power P3 corresponding to the output voltage ' 

30 U2, on the curve IV for the output voltage 03 

corresponding to the power P3, on curve II for the power 
P4 (not shown) corresponding to the output voltage U3 
etc., until after a sufficient number of iterations 
there follows a search algorithm for an extreme value 

35 adjustment according to the prior art. 

In practical situations, where the power curves of 
solar cells manufactured in accordance with a standard 
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process are known, the optimal power line IV can be 
predetermined and can be inputted into the memor y of an 
MPP-tracker intended for that type of solar cells. 

Fig. 2 shows an. enlarged view of the part of fig. 1 
5 enclosed by an ellipse. 

Fig. 3 shows a curve IV' representing the maximum 
power P„,pp which can be produced by an ideal solar cell 
as a function of the output voltage U„pp at that maximum 
power which can be produced. Curve IV' is calculated 
10 from the exponential function Pg.pp'^u'e"'^'' which describes 
the relation between the maximum power P^pp which can be 
produced and the output voltage u^pp required for this 
purpose (expressed in a dimensionless unit) for an ideal 
solar cell. 

15 Fig. 4 shows a curve. IV" representing the maximum 

power P„pp which can be produced by a solar cell as a 
function of the output voltage U^pp at that maximum power 
which can be produced, which curve IV" is calculated 
from a sixth degree polynomial Pntpp-^'-^o^j^ipp ^hich 

20 describes the relation between the maximum power P^^pp 
which can be produced and the output voltage u„pp 
(expressed in a dimensionless unit) . 

An MPP-tracker according to the invention is 
particularly suitable for application in photovoltaic 

.25 systems ,_in_par_ticular__so.lar. pa.n(eis_ajs^s.emtLl^^ from solar 

cells connected in series, where the shorter recovery 
time following a change in radiated power results in an 
increase in the produced power such that the extra 
investment cost of an MPP-tracker according to the 

30 invention is recouped in a relatively short time- The 

MPP-tracker according to the invention can however also 
be applied in other energy-generating systems, for 
instance wind turbines. 
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CLAIMS 

1 . Maximum powerppint tracker provided with memory 
means for storing information about the power produced 
by an energy source at a determined incoming power in 
said energy source depending as desired on the output 
5. voltage or the output current of said energy source, and 
with processor means for determining from this 
information the maximum power which can be produced by 
said energy source and the output voltage or output 
current required for this purpose, characterized in that 

10 the processor means are adapted to perform an algorithm 
according to which the maximum power which can be 
produced by an energy source and the output voltage or 
output current required for this purpose at a first 
incoming power in said energy source is determined from 

15 information stored in the memory means about the maximum 
power which can be produced and the output voltage or 
output current required for this purpose at at least a 
second and a third incoming power in said energy source. 

2. Maximum powerpoint tracker as claimed in claim 
20 1, characterized in that the information stored in the 

memory means about the maximum power which can be 
produced and the output voltage or output current 
"required ~fO'r~th"i~s~purp"onse ~a't' at~'least~a se'c'ond and' a 
third incoming power in said energy source is given by a 
25 coefficient of an exponential function 

P„ «{7'e""«"' which describes the relation between the 

mpp 

maximum power P^pp which can be produced and the output 
voltage u„pp required for this purpose • 

3. Maximum powerpoint tracker as claimed in claim 
30 1, characterized in that the information stored in the 

memory means about the maximum power which can be 
produced and the output voltage or output current 
required for this purpose at at least a second and a 
third incoming power in said energy source is given by 
35 the coefficients ai of an . n*"^ degree polynomial 
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p which describes the relation between the 

flipp J-O J mpp , 

maximum, power P„pp which can be__pro(duced_and th_e_oujtput . . 
voltage u„pp required for this purpose, wherein n is a 
whole number. 

5 4 . Maximum powerpoint tracker as claimed in claim 

3, characterized in that n has the value 2, 

5. Maximum powerpoint tracker, as claimed in claim 
1, characterized in that the information stored in the 
memory means about the maximum power which can be 

0 produced and the output voltage or output current 
required for this purpose at at least a second and a 
third incoming power in said energy source comprises the 
parameters for describing a linear interdependence of 
the maximum power which can be produced and the output 

5 voltage or output current required for this purpose at . 
the incoming power. 

6. Maximum powerpoint tracker as claimed in any of 
the claims 1-5, characterized in that it is adapted to 
perform at predetermined time intervals a determination 

0 of the information about the maximum power which can be 
produced and the output voltage or output current 
required for this purpose at at least a second and a 
third incoming power in said energy source, and to store 
this information in the memory means. 

5 - "7"". — Maximum-powerpoint -tracker— as— cl-aimed~~in" any--of —" 

the claims 1-5, characterized in that the algorithm 
comprises an iteration procedure. 

8 . Maximum powerpoint tracker as claimed in any of 
the claims 1-7, characterized in that the algorithm is 

0 followed after a predetermined number of iterations by a 
second algorithm for performing an extreme value 
adjustment. 
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